This work was dedicated to the preparation of a barium hexaferrite using the glass crystallization method. The glass flakes were treated at temperatures ranging between 550
Introduction
The barium hexaferrite (BaFe 12 O 19 ) is known as a hard magnetic material and represents one of the mostly used materials in the area of magnetic recording media, which cannot be easily substituted by other magnets [1] [2] [3] .
From the scientific point of view, as well as from the standpoint of the technological applications, the barium hexaferrite presents interest due to its special properties, such as: high remanence and coercivity, thermal, electrical and chemical stability [4, 5] .
The maximum coercivity is obtained when the crystals have a maximal size, at which they remain single domains. The classical methods do not permit to prepare small enough monocrystals. One of the less studied methods is that of glass crystallization.
In this work we have prepared a barium hexaferrite using the glass crystallization method; the obtained glass flakes were then treated at different temperatures. The barium hexaferrite monocrystals resulting after the heat treatments were extracted by solving the matrix, and their structural, magnetic and electric properties were studied.
Experimental methods
The quantities of metal oxides BaO 3 and Fe 2 O 3 with 99% purity (Merck) were weighted according to the stoichiometric formula. The metal oxides were mixed together with Sb 2 O 3 (99% purity) and B 2 O 3 (99.8% purity) in proportion of 1:4, and then heated up to the melting * corresponding author; e-mail: florin.tudorache@uaic.ro point, to form the glass. In order to preserve the amorphous state, the glass melt was cooled down very fast, at a rate of 10 4 degree/s, by pouring between two revolving copper cylinders, thus obtaining brown transparent glass flakes, with thickness of about 0.1 mm.
The entire amount of glass flakes was divided in four equal parts, and calcinations were carried out in air for two hours each, at the following temperatures: 550
• C, 700
• C and 750
• C. After the calcinations treatment, the glass matrix was solved in an acid solution, and the resulted powder was washed with distilled water and prepared for investigations. The microstructure was investigated through X-ray diffraction, using a Cu K α anticathode and a scanning rate of 4 deg/min (Shimadzu LabX XRD-6000), as well as through electron microscopy (Quanta 200 3D).
In order to carry out electric investigations, the barium hexaferrite powder was uniaxially pressed in shape of disks with the diameter of 10 mm and the thickness of 2-3 mm. Silver electrodes were deposited on the both plane surfaces of the samples. The electric properties were investigated with the Solartron 1260A impedance/ gain phase analyzer within the frequency range 1÷10 6 Hz. For magnetic measurements, spherical samples were prepared with diameters of 5-6 mm. The measurements were carried out with a vibrating sample magnetometer at the temperature of 20
• C, in a field of 800 kA/m.
Results and discussion
The analysis of the X-ray diffractograms from Fig. 1 shows that, in the case of the glass calcined for 2 h in air at the temperature of 550
• C, the generation of simple (95) The analysis of the SEM micrographs (Fig. 2) shows that, after the treatment at 550
• C, small spherical crystallites appear, with the mean size of 0.2 µm. The calcination at 700
• C generates crystals with the mean size of 0.4 µm. After the calcination at 750
• C, the mean particle size, increases to 0.6 µm.
As the result of the performed electric investigations, presented in Fig. 3 and Table I , we concluded that all the samples of barium hexaferrite sintered at 700
• C have conductivities of the order of 10 −9 S/m and small dielectric loss, and among them, the barium hexaferrite sintered at 700
• C presents the smallest value of the dielectric loss. The measurements of saturation magnetization, residual magnetization and coercivity are presented in Table II . As the result of sintering in air for 2 h at 550
• C, the sample resulted to be typical magnetically soft. It presents a high saturation magnetization (38.3 emu/g), a small residual magnetization and a very small coercivity. The calcination at 650
• C results in a slight diminution of the saturation magnetization, a slight increase of the remanence and a notable increase of coercivity, from 14 kA/m to 331 kA/m. A typical magnetic hard sample is obtained. The sample calcined at 700
• C presents a slight increase of the saturation magnetization from 31 emu/g to 36 emu/g, of the residual magnetiza- calcined 2 h at 700
• C in air 0.10 1.52 × 10 tion from 19 emu/g to 22 emu/g, and of the coercivity from 331 kA/m to 360 kA/m. The calcinations for 2 h at 750
• C results in a sample with the saturation and residual magnetization slightly higher, and the coercivity slightly lower than for the sample calcined at 700
The maximum M S /M R ratio is equal to 0.61 and it is obtained at the sample calcined at 700 
Conclusions
Using the glass crystallization method, submicron crystals of barium hexaferrite were obtained through calcinations at a temperature exceeding 600
The highest values of the coercivity and of the M S /M R ratio were obtained at the sample calcined for 2 h at 700
• C. This sample contains mostly barium hexaferrite crystals with the mean size of 0.4 µm; it has lower electric conductivity and dielectric loss than the samples calcined at other temperatures.
The barium hexaferrite powder obtained through crystallization in the glass matrix for 2 h at 700
• C can be successfully used in magnetic memory media.
